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This study deals with a multi-item mixture inventory model in which both demand and
lead time are random. A budget constraint is also added to this model. The optimization
problem with budget constraint is then transformed into a multi-objective optimization
problem with the help of fuzzy chance-constrained programming technique and surprise
function. In our studies, we relax the assumption about the demand, lead time and demand
during lead time that follows a known distribution and then apply the minimax distribu-
tion free procedure to solve the problem. We develop an algorithm procedure to ﬁnd the
optimal order quantity and optimal value of the safety factor. Finally, the model is illus-
trated by a numerical example.
 2009 Elsevier Inc. All rights reserved.1. Introduction
Since the formulation of the classical economic order quantity (EOQ) by Harris [1], lot of research papers, news letters and
reviews dealing with various aspects of inventory control and production systems with single and multi-objectives have
been published in different journals throughout the world. In most of the work, the author optimizes the objective values
which consist of setup cost, holding cost, Stockout cost, etc. Stockout cost is usually the most difﬁcult inventory cost to ascer-
tain. Stockout cost may be due to backorders or lost sales, and it may be expressed on a per unit basis, a per outage basis, or
some other basis.
Lead time management is an important issue in production and operations management. According to Tersine [2], the
following four different situations may arise:
(1) constant demand and constant lead time,
(2) variable demand and constant lead time,
(3) constant demand and variable lead time and
(4) variable demand and variable lead time.. All rights reserved.
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distribution can be created that gives the probabilities for various combinations of demand level and lead time length. In this
area, Ord and Bagchi [3], Burgin [4] consider Normal demand and Gamma lead time; Das [5] takes model Normal demand
and exponential lead time and Carlson [6] assumes that demand is Poisson and lead time is Exponential. Recently, following
Liao and Shyu [7] many authors such as Ben-Daya and Raouf [8], Ouyang et al. [9], Ouyang and Chuang [10], Chu et al. [11]
Park [12], Eynan and Kropp [13] considered lead time as a variable and controlled it by paying extra crashing cost. Moreover,
Gallego and Moon [14] give the idea for determining the expected amount of stockout quantity when the demand distribu-
tion is unknown but the mean and variance are known.
But till now, none has considered multi-item inventory problem with both the demand and lead time random, where dis-
tribution of demand and lead time is unknown. Moreover, to handle fuzzy chance-constrained programming technique, the
surprise function approach is used in this model. This environment is considered in our present model.
Thus, this article deals with a multi-item stochastic inventory model in which safety factor and order quantity are con-
sidered as the decision variables. To ﬁnd the expected amount of stockout quantity we relax the assumption about the dis-
tribution of the demand during lead time. A random budget constraint is also added to this model. After that, we transform
the optimization problemwith random budget constraint into a multi-objective optimization problemwith the help of fuzzy
chance-constrained programming technique and surprise function. In our studies, the multi-objective optimization problem
is then solved by using the minimax distribution free procedure. We then proposed an iterative procedure to ﬁnd the optimal
order quantities and optimal safety factors. A numerical example is presented to illustrate the result of the proposed model.2. Random sum and its application
Considering N mutually independent identically distributed random variables bX1; bX2; bX3; . . . ; bXN with distribution func-
tions FðxÞ, mean E½bX  and variance Var½bX , where N is a ﬁxed constant and thenbT ¼ bX1 þ bX2 þ bX3 þ    þ bXN : ð1Þ
If N be itself a random variable then the probability mass function of the discrete random variable, pbN ðnÞ is assumed to be
given. For a ﬁxed value of bN ¼ n, the conditional expectation of bT is easily obtainedE½bT=bN ¼ n ¼Xn
i¼1
E½bXi ¼ nE½bX : ð2Þ
Then, using the theorem of total expectation the following result is obtainedE½bT  ¼X
n
nE½bX pbN ðnÞ ¼ E½bX X
n
npbN ðnÞ ¼ E½bX E½bN : ð3Þ
In order to obtain the Var½bT , I ﬁrst compute E½bT 2, which is as follows:E½bT 2=bN ¼ n ¼ Var½bT=bN ¼ n þ E½bT=bN ¼ nn o2 ð4Þ
but Var½bT=bN ¼ n ¼Xn
i¼1
Var½bXi ¼ nVar½bX : ð5ÞSubstituting (2) and (5) in (4) the following result is derivedE½bT 2=bN ¼ n ¼ nVar½bX  þ n2 E½bX n o2: ð6Þ
Now using the theorem of total moments it is derived thatE½bT 2 ¼X
n
nVar½bX  þ n2 E½bX  2 pbN ðnÞ ¼ Var½bX E½bN  þ E½bN2 E½bX  2: ð7Þ
FinallyVar½bT  ¼ E½bT 2  E½bX  2 ¼ Var½bX E½bN  þ E½bN2 E½bX  2  E½bX  2 E½bN 2 ¼ Var½bX E½bN  þ E½bX  2Var½bN: ð8Þ
Application: Let daily demand of any item in a showroom be random and denoted by bDi (demand of the i-th day) with mean
E½bD and Variance Var½bD; after r day from the beginning of the cycle an order of that item is placed; and let L be the length of
the lead time. Then the DDLT isbX ¼ bDrþ1 þ bDrþ2 þ bDrþ3 þ    þ bDrþL: ð9Þ
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demand and lead time are stochastic in nature then bL is a random variable in Eq. (9) and then E½bX  ¼ E½bDE½bL [see
Eq. (3)], VarðbXÞ ¼ Var½bDE½bL þ ðE½bDÞ2Var½bL [see Eq. (8)].
3. Notation and assumptions
3.1. Notations
In this model we consider n numbers of items. The following notations are used for i-th item to develop this model
hi holding cost per unit per unit time
pi per unit purchase cost
c2i per unit stockout cost
Qi order quantity (decision variable)
Ri reorder pointbDi average demand per unit time (random variable)bLi length of lead time (random variable)bAi Ordering cost per order (random variable)bXi demand during lead time (random variable)
B maximum available budget for all items
xþ maximum value of x and 0, i.e., xþ=max{x,0}
Eð:Þ mathematical expectation
3.2. Assumptions
The following are the assumptions used to formulate and solve an inventory problem.
(1) Shortage allowed and fully backlogged.
(2) Ordering cost bAi is a random variable and is deﬁned by bAi ¼ bi þ cibLi, where bi and ci are real scalars. This function has
been utilized in many researches (e.g., Chiu [15], Chen et al. [16] and Chang et al. [17]).
(3) The demand rate bDi, for i-th item, is a random variable, with mean lbDi and variance r2bDi , having distribution functionFðdiÞ.
(4) The length of lead time bLi is also randomly distributed with distribution function GðliÞ, having mean lbLi and variancer2bLi .
(5) Demand during lead time (DDL), bXi is convolution of demand rate and lead time (Ord [18], Mood et al. [19], Mayer
[20], Kim et al. [21]). If demand rate bDi and lead time bLi be statistically independent, then mean and variance of
demand during lead time are respectively (see Section 2)EðbXiÞ ¼ lbX i ¼ lbLilbDi and varðbXiÞ ¼ r2bX i ¼ lbLir2bDi þ l2bDir2bLi :
But if lead time is ﬁxed, then
EðbXiÞ ¼ lbX i ¼ LilbDi and varðbXiÞ ¼ r2bX i ¼ Lir2bDi :
(6) The reorder point Ri is the expected demand during lead time plus safety stock (SS), and SS ¼ ki
ðstandard deviation of lead time demandÞ, i.e., Ri ¼ lbXi þ kirbXi , where ki is the safety factor and satisfying
PðbXi > RiÞ ¼ PðbZi > kiÞ ¼ qi; bZi represents the standard normal random variable and qi represents the allowable
stock-out probability during lead time lbLi .
4. Model formulation
By the above assumption the expected ordering cost of i-th item is EðbAiÞ½¼ lbAi . The expected net inventory level of i-th
item at the end of a cycle is Ri  lbX i and at the beginning of the cycle is Qi þ Ri  lbXi and also the expected cycle length for i-
th item is Qi
EðbDiÞ. Therefore, the total random holding cost of i-th item for a single cycle is hi R
Qi
EðbDi Þ
0 ðQi þ Ri  lbXi  bDitÞdt. So, the
average expected holding cost for i-th item is hiðQi=2þ Ri  lbX i Þ. Hence, the total expected cost per unit time of the systemTECUðQi; kiÞ is as follows (see Fig. 1):
Fig. 1. The inventory situation when both demand rate and lead time are random.
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¼
Xn
i¼1
EðbDiÞ
Qi
EðbAiÞ þ hi Qi2 þ Ri  lbX i
 
þ Eð
bDiÞ
Qi
c2iEðbXi  RiÞþ
" #
¼
Xn
i¼1
hi
Qi
2
þ kirbX i
 
þ
lbDi
Q i
lbAi þ c2iEðbXi  RiÞþ
 " #
ð10ÞHere EðbXi  RiÞþ is the expected stock-out quantity of i-th item which is given by
EðbXi  RiÞþ ¼ Z 1
Ri
ðxi  RiÞhðxiÞdxi ð11Þ
or EðbXi  RiÞþ ¼X
s
ðxis  RiÞhðxisÞ; where xip ¼ Ri and s ¼ p; pþ 1;pþ 2; . . . ð12ÞAccording to Tersine [2] the distribution of demand is normal at the factory level; the poisson, at retail level, and the negative
exponential, at the wholesale and retail level. Also the distribution of lead time may be gamma, exponential, geometric and
normal. Bagchi et al. [22] discussed elaborately on these topics. We relax the assumption about the distribution of demand
rate lead time and demand during lead time. Only assume that
 the distribution function FðdiÞ of Di belongs to the class of distribution function Cdi with ﬁnite mean lbDi and standard devi-ation rbDi ,
 the distribution function GðliÞ of bLi belongs to the class of distribution function Cli with ﬁnite mean lbLi and standard devi-ation rbLi , the distribution function HðxiÞ of bXi belongs to the class of distribution function Cxi with ﬁnite mean lbXi and standarddeviation rbX i .
Lemma 1. Gallego and Moon [14]EðbD  QÞþ 6 ½r2 þ ðQ  lÞ21=2  ðQ  lÞ
2
;where Q is the overcapacity and bD is the random demand with mean l and standard deviation r.
Using the above lemma and for any HðxiÞ 2 Cxi , it can be deduced thatEðbXi  RiÞþ 6 12
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
r2bX i þ ðR lbX i Þ2
r
 Ri  lbX i
 " #
¼ 1
2
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
1þ k2i
q
 ki
  ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
lLir
2bDi þ l2bDir2bLi
r
; ð13Þbecause Ri ¼ lbX i þ kirbXi . Then Eq. (10) is reduced to
TECUðQi; kiÞ 6
Xn
i¼1
hi
Qi
2
þ kirbX i
 
þ
lbDi
Qi
lbAi þ c2i
rbX i
2
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
1þ k2i
q
 ki
 ( )" #
ð14Þ
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function with a random budget constraint, which is given belowMinimize Maximize
HðxiÞ2Cxi
TECUðQi; kiÞ
( )
; ð15Þ
Subject to
Xn
i¼1
piðQi þ Ri  bXiÞ 6 B; ð16Þ
whereMaximize
HðxÞ2Cx
TECUðQi; kiÞ ¼
Xn
i¼1
hi
Qi
2
þ kirbX i
 
þ
lbDi
Q i
lbAi þ c2i
rbX i
2
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
1þ k2i
q
 ki
 ( )" #
: ð17ÞThere are several methods to solve the above problem. We consider a method known as Chance-Constrained programming
technique, which is explained in Proposition 1.
Proposition 1 (Chance-constrained). As the name indicates, the chance-constrained programming technique can be used to
solve problems involving chance constraints, i.e., constraints having ﬁnite probability of being violated. This technique was
originally developed by Charnes and Cooper [23]. If ‘k’ is the probability of non-violation of the constraint (16) then the constraint
can be written asP
Xn
i¼1
piðQi þ Ri  bXiÞ 6 B
" #
P k: ð18ÞSince, bXi is the DDLT with ﬁnite mean lbXi and standard deviation rbX i ð> 0Þ then the inequality (18) reduces to
k 6 P
Xn
i¼1
pibXi þ BPXn
i¼1
piðQi þ RiÞ
 !
6
E
Pn
i¼1pibXi þ B Pn
i¼1piðQi þ RiÞ
ðby Markov inequalityÞ
i:e:;
Xn
i¼1
piEðbXiÞ þ BP ekXn
i¼1
piðQi þ RiÞ
)
Xn
i¼1
pilbX i þ BP kX
n
i¼1
pi Qi þ lbX i þ kirbX i
 
)
Xn
i¼1
pilbX i þ BP Ck; where C ¼X
n
i¼1
pi Qi þ lbX i þ kirbX i
 
: ð19ÞRemark 1. If we take lead time as a constant but controllable then this model is converted to Ghalebsaz-Jeddi et al. [24]
model.
Proof. Taking lead time as crisp variable, i.e., rbLi ¼ 0 and lbLi ¼ Li then from assumption (5)
EðbXiÞ ¼ lbX i ¼ LilbDi and varðbXiÞ ¼ r2bX i ¼ Lir2bDi : This result incurs that the optimization problem (15) with constraint (18) is similar to Ghalebsaz-Jeddi et al. [24] model.
But it will be more adequate if k be a fuzzy number, in particular let it be a triangular fuzzy number and is deﬁned
by ek ¼ ðk ; k; kþ Þ, where  is the positive real satisfying kþ  6 1 and k 2 ½0;1, then the above problem is stated as
follows:Minimize Maximize
HðxiÞ2Cxi
TECUðQi; kiÞ
( )
; ð20Þ
Subject to P
Xn
i¼1
piðQi þ Ri  bXiÞ 6 B
 !
P ek;
)
Xn
i¼1
pilbX i þ BP Cek ð21Þ
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Pn
i¼1pilbX i þ B by n then the inequality (21) is of the form nP Cek. By using the possibilitydistribution the fuzzy membership function is as follows:Table 1
Distribu
Monthl
d1i
385
393
398
405
412Pos nP Cek  ¼ 0; for n 6 Cðk Þ;nCðkÞC ; for Cðk Þ < n < Ck;
1; for nP Ck:
8><>: ð22Þ
Next we obtained the surprise function sn from the membership function PosðnP CekÞ using the following relation:sn ¼ Pos nP Cek 1  1	 
2: ð23Þ
Hence the above minimization problem (20) subject to the constrained (21) is reduced to a multi-objective problem as follows:Minimize Maximize
HðxÞ2Cx
TECUðQi; kiÞ; snðQi; kiÞ
 
; ð24Þ
where snðQi; kiÞ ¼
k2
Pn
i¼1piðQi þ lbX i þ kirbX i ÞPn
i¼1pilbX i þ B k1Pni¼1piðQi þ lbX i þ kirbX i Þ
24 352:
Remark 2. When snðQi; kiÞ ! 0 then the multi-objective function (24) is converted to the objective function (15) with con-
straint (18).
Proof. snðQi; kiÞ ! 0) PosðnP CekÞ ! 1) nP Ck; i:e:; Pni¼1pilbX i þ BP Ck) the multi-objective objective function (24)is equivalent to the objective function (15) with constraint (19), i.e., the constraint (18). h
5. Solution algorithm
To solve the above multi-objective problem, let the number of types of products controlled by the inventory system is
two, i.e., n ¼ 2.
Step-1: Finding the values of Q1;Q2; k1 and k2 such that the value of snðQ1;Q2; k1; k2Þ is minimum. But it does not give the
minimum value of MaximizeHðxÞ2Cx TECUðQ1;Q2; k1; k2Þ. So we have to ﬁnd a compromise Q 1;Q 2; k1 and k2 which
give the next minimum of snðQ1;Q2; k1; k2Þ and MaximizeHðxÞ2Cx TECUðQ1;Q2; k1; k2Þ, i.e.,tion
y-deMinimum snðQ1;Q2; k1; k2Þf g 6 snðQ 1;Q2; k1; k2Þ
Minimum MaximizeHðxÞ2Cx TECUðQ1;Q2; k1; k2Þ
 
6 MaximizeHðxÞ2Cx TECUðQ 1;Q 2; k1; k2Þ:Step-2: The Q 1;Q

2; k

1 and k

2 are obtained by minimizing the function ZðQ1;Q2; k1; k2Þ which is deﬁned byZðQ1;Q2; k1; k2Þ ¼ MaximizeHðxÞ2Cx TECUðQ1;Q2; k1; k2Þ þ snðQ1;Q2; k1; k2Þ;
i:e: MinimumZðQ1;Q2; k1; k2Þ ¼ ZðQ 1;Q 2; k1; k2Þ:Step-3: The solution ðQ 1;Q 2; k1; k2Þ is known as the pareto-optimal solution of the multi-objective problem (24).
6. Numerical example
To illustrate this model by an example we consider two different types of products, for which the following data have
been used. h1 ¼ $3 per unit per month, h2 ¼ $3:5 per unit per month, c21 ¼ $10 per unit, c22 ¼ $8:5 per unit, p1 ¼ $55 per unit,s of monthly demand and lead time in days.
mand Probability Lead time Probability Monthly-demand Probability Lead time Probability
f ðd1iÞ l1j gðl1jÞ d2i f ðd2iÞ l2j gðl2jÞ
0.06 4 0.10 530 0.09 1 0.10
0.15 5 0.23 540 0.15 2 0.15
0.31 6 0.35 549 0.26 3 0.50
0.35 7 0.30 554 0.30 4 0.25
0.13 8 0.02 557 0.20
Table 2
Optimal results for two products inventory controlled problem.
ZðQ1;Q2; k1; k2Þ Upper bound of TECU Surprise Q1 Q2 k1 k2
1240.792 1240.324 0.4684276 146.46 177.02 1.25 1.08
Fig. 2. (a) Graphical representation of the Min upper bound of TECU, Min Surprise, Q1 and k1 for different values of c21. (b) Graphical representation of the
Min upper bound of TECU, Min Surprise, Q2 and k2 for different values of c22.
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of monthly demand and lead time in days are shown in Table 1.
Using this distribution the mean demand and mean lead time are respectively lD1 ¼
P5
i¼1d1if ðd1iÞ ¼ 400 units/month and
lL1 ¼
P4
j¼1l1jgðl1jÞ ¼ 6 days, lD2 ¼
P5
i¼1d2if ðd2iÞ ¼ 550 units/month and lL2 ¼
P3
j¼1l2jgðl2jÞ ¼ 3 days, consequently the stan-
dard deviations of demand rate and lead time are rD1 ¼
P5
i¼1ðd1i  lD1 Þ
2f ðd1iÞ
h i1=2
¼ 7 units/month and rL1 ¼P4
j¼1ðl1j  lL1 Þ
2gðl1jÞ
h i1=2
¼ 1 day rD2 ¼
P5
i¼1ðd2i  lD2 Þ
2f ðd2iÞ
h i1=2
¼ 8 units/month and rL2 ¼
P3
j¼1ðl2j  lL2 Þ
2gðl2jÞ
h i1=2
¼ 1
day. Then the expected setup costs are lA1 ¼ $45 per setup, lA2 ¼ $54 per setup and the maximum available budget for this
model is $65; 000. Using the solution technique given in Section 4, the optimal results for two products inventory controlled
problem are as follows (see Table 2).
The unit shortage cost has an important effect on the cost function. At ﬁrst increasing the unit shortage cost for the ﬁrst
item (i.e., c21) when the unit shortage cost for second item (i.e., c22) is ﬁxed, the value of safety factor (i.e., k1) increases; it is
obvious because the management tries to reduce shortages (i.e., EðX  RÞþ) by increasing shortage cost. Consequently the
order quantity (i.e., Q1) is increased. Since Surprise (i.e., sn) increases with increase in unit shortage cost, the total expected
cost per unit time (i.e., TECU) must increase. The same result is obtained if we increase the unit shortage cost for second item.
Both the results are shown in Fig. 2a and b, respectively.7. Concluding remarks
The present paper proposes a solution procedure for a multi-item mixture inventory model in which safety factor and
order quantity are considered as the decision variables. After addition of budgetary constraint the optimization problem
is transformed into a multi-objective optimization problem with the help of fuzzy chance-constrained programming
technique and surprise function. Some of the advantages of the surprise function approach are as follows: (i) it has a con-
sistent semantic interpretation. (ii) It allows the joint use of quantitative and qualitative knowledge, using simple rules of
logic. (iii) It is a direct extension of (and allows combination with) the least square approach to reconciling conﬂicting
approximate numerical data. (iv) It is ideally suited to optimization under imprecise or conﬂicting goals, speciﬁed by a com-
bination of soft and hard interval constraints. (v) It gives a straightforward approach to constructing families of function con-
sistent with fuzzy associative memories as used in fuzzy control, with tuning parameters (reﬂecting linguistic ambiguity)
that can be adapted to available performance data. Here, minimax distribution free procedure is applied to solve the present
problem.Acknowledgement
Thanks to UGC, Govt. of India, for ﬁnancial assistance (F. No.-33-101/2007(SR)).
4344 U.K. Bera et al. / Applied Mathematical Modelling 33 (2009) 4337–4344References
[1] F. Harris, Operations and Cost (Factory Management Series), A.W. Shaw Co., Chicago, 1915.
[2] R.J. Tersine, Principles of Inventory and Materials Management, Elsevier Publication, North Holland, New York, 1982, pp. 15, 148–149.
[3] J.K. Ord, U. Bagchi, The truncated normal–gamma mixture as a distribution of lead time demand, Naval Res. Logist. Quart. 30 (2) (1983) 359–365.
[4] T.A. Burgin, Inventory control with normal demand and gamma lead times, Operat. Res. Quart. 23 (1) (1972) 73–80.
[5] C. Das, Explicit formulas for the order size and reorder point in certain inventory problems, Naval Logist. Quart. 23 (1) (1976) 25–30.
[6] P.G. Carlson, An alternative model for lead-time demand: continuous review inventory systems, Decision Sci. 13 (1982) 120–128.
[7] C.J. Liao, C.H. Shyu, An analytical determination of lead time with normal demand, Int. J. Operat. Prod. Manage. 11 (1991) 72–78.
[8] M. Ben-Daya, A. Raouf, Inventory models involving lead time as a decision variable, J. Operat. Res. Soc. 45 (5) (1994) 579–582.
[9] L.Y. Ouyang, N.C. Yeh, K.S. Wu, Mixture inventory model with backorders and lost sales for variable lead time, J. Oper. Res. Soc. 47 (1996) 829–832.
[10] L.Y. Ouyang, B.R. Chuang, Mixture inventory model involving variable lead time and controllable backorder rate, Comput Ind. Eng. 40 (2001) 339–348.
[11] P. Chu, K.L. Yang, P.S. Chen, Improved inventory model with service level and lead time, Comput. Oper. Res. 32 (2005) 285–296.
[12] C. Park, An analysis of the lead time demand distribution derivation in stochastic inventory systems, Int. J. Prod. Econ. 105 (2007) 263–272.
[13] A. Eynan, D.H. Kropp, Effective and simple EOQ-like solutions for stochastic demand periodic review systems, Eur. J. Oper. Res. 180 (2007) 1135–1143.
[14] G. Gallego, I. Moon, The distribution free Newsboy problem: review and extensions, J. Oper. Res. Soc. 44 (1993) 825–834.
[15] P.P. Chiu, Economic Production Quantity Models Involving Lead Time as a Decision Variable, Master Thesis, National Taiwan University of Science and
Technology, 1998.
[16] C.K. Chen, H.C. Chang, L.Y. Ouyang, A continuous review inventory model with ordering cost dependent on lead time, Int. J. Inform. Manage. Sci. 12 (3)
(2001) 1–13.
[17] H.C. Chang, L.Y. Ouyang, K.S. We, C.H. Ho, Integrated vendor–buyer cooperative inventory models with controllable lead time and ordering cost
reduction, Eur. J. Oper. Res. 170 (2006) 481–495.
[18] J.K. Ord, Families of Frequency Distributions, Charles Grifﬁn and Co. Ltd., London, 1972.
[19] A.M. Mood, F.A. Graybill, D.C. Boes, Introduction to the Theory of Statistics, McGraw-Hill Book Co., New York, 1974.
[20] P.L. Mayer, Introductory Probability and Statistical Applications, Addison-Wesley Publishing Company Inc., New York, 1965.
[21] J.G. Kim, D. Chatﬁeld, T.P. Harrison, J.C. Hayya, Quantifying the bullwhip effect in a supply chain with stochastic lead time, Eur. J. Oper. Res. 173 (2006)
617–636.
[22] U. Bagchi, J.C. Hayya, C.H. Chu, The effect of lead-time variability: the case of independent demand, J. Oper. Manage. 6 (2) (1986) 159–177.
[23] A. Charnes, W.W. Cooper, Chance constrained programming, Manage. Sci. 6 (1959) 73–79.
[24] B. Ghalebsaz-Jeddi, B.C. Shultes, R. Haji, A multi-product continuous review inventory system with stochastic demand, backorders, and a budget
constraint, Eur. J. Oper. Res. 158 (2004) 456–469.
